
REMARKS 

The September 23,  2005 Official Action has been 

carefully reviewed.    In view of the amendments, evidence 

and the following remarks presented herewith, favorable 

reconsideration and allowance of this application are 

respectfully requested. 

Claims 2-3,  8,  16-24 and 30-32 remain rejected under 

35 U.S.C.  §112,  first paragraph as allegedly containing 

subject matter which was not described in such a way as to 

convey to the skilled artisan that applicants were in 

possession of the invention at the time the application was 

filed.  The Examiner has further rejected the above- 

identified claims under 35 U.S.C.  §112,  first paragraph 

asserting that undue experimentation is required to 

practice the full scope of the claims. 

The Examiner has also maintained the rejection of 

claim 22 under 35 U.S.C.  §102(b)  as allegedly anticipated 

by Kamada et al. 

Applicants respectfully submit that the claims as 

presently amended are in condition for allowance.    Each of 

the above-noted rejections under 35 U.S.C. §112, first 

paragraph and §102(b)  is,  therefore, respectfully 

traversed. 

SUMMARY OF TELEPHONIC INTERVIEW OF NOVEMBER 2, 2005 

At the outset, Applicants would like to thank Examiner 

Baum for taking the time to conduct a telephonic interview 

regarding the rejection of the claims under 35 U.S.C. §112, 

first paragraph.    It is Applicants'  understanding that the 

USPTO has agreed to grant claims to variant nucleic acid 

sequences having 95% or more identity to the reference SEQ 
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ID NO: which also retain the biological function recited in 

the claim.    Accordingly,  claim 1 has been amended to recite 

a nucleic acid encoding the polypeptide of SEQ ID NO:  11 or 

a variant sequence having 95% identity therewith which 

encodes a protein which modulates the vernalization 

response in a plant.  It is submitted that this amendment 

serves to render the rejection for inadequate written 

description moot. 

At page 7 of the Official Action in connection with 

the rejection for inadequate enablement,  the Examiner 

contends that Applicants have not disclosed a plant 

transformed with a nucleic acid encoding a VRNl protein 

which exhibit an altered vernalization response. During 

the telephonic interview,  the undersigned asked the 

Examiner to consider a manuscript co-authored by the 

present inventors which was published in Science in 2002 

which clearly demonstrates the capacity of the VRNl 

encoding nucleic acid to affect vernalization in plants 

transgenic for this nucleic acid.    The Examiner did agree 

to consider this evidence which is attached hereto. The 

Examiner's attention is respectfully directed to Figure 3 

and page 245,   first column.    Clearly,  the VRNl nucleic acid 

does function to affect vernalization in transgenic plants 

as set forth in the present application.    In light of the 

foregoing amendments,  evidence and remarks,  it is clear 

that the present claims as amended are in full compliance 

with the requirements of 35 U.S.C. §112,first paragraph. 

Accordingly,  Applicants request that the rejection of 

claims 2-,  5,6,  8,   16-24 and 30-32 for inadequate written 

description and enablement be withdrawn. 
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CLAIM 22 IS NOVEL OVER KAMADA ET AL. 

Applicants submit that Kamada et al. do not disclose a 

VRN1 nucleotide or its encoded protein which is identical 

to that presently claimed as this reference relates to a 

RolC encoding nucleic acid which is not SEQ ID NO:  10 nor 

is it 95% identical to SEQ ID NO:  10.    The Examiner's 

interpretation of claim 22 appears to be in error.    At page 

8 of the Official Action, the Examiner asserts that claim 

22 reads on "any hybrid progeny or other descedents from 

any transgenic plant wherein said progeny or descendent do 

not contain a VRN1 nucleotide sequence". Applicants 

respectfully disagree.    Claim 22 explicitly states that the 

clone,  selfed or hybrid progeny or other descendent of the 

plant comprises a VRNl nucleotide. The claim also depends 

indirectly from claim 1.    As mentioned above,  claim 1 has 

been amended to render the claim in compliance with 35 

U.S.C.  §112,  first paragraph.    Inasmuch as Claim 22 

indirectly recites the VRNl nucleic acid defined in claim 

1,  the claim can no longer be interpreted as reading on, or 

anticipated by Kamada et al.    Accordingly, Applicants 

request that the rejection of claim 22 under 35 U.S.C. 

§102(b)  be withdrawn. 

CONCLUSION 

Applicants request that the amendments presented 

herewith be entered in this application,  since the 

amendments are primarily formal,  rather than substantive in 

nature.    This amendment is believed to clearly place the 

pending claims in condition for allowance.    The claims as 

presently amended are also believed to eliminate certain 

issues and better define other issues which would be raised 
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on appeal,  should an appeal be necessary in this case. 

It is respectfully urged that the rejections set forth 

in the September 23,  2005 Official Action be withdrawn and 

that this application be passed to issue.    In the event the 

Examiner is not persuaded as to the allowability of any 

claim,  and it appears that any outstanding issues may be 

resolved through a telephone interview,  the Examiner is 

requested to telephone the undersigned attorney at the 

phone number given below. 

Respectfully submitted, 

DANN,   DORFMAN,   HERRELL AND SKILLMAN 

A Professional Corporation 

Kathleen D.  Rigaut,   Pfr. D., 

PTO Registration No. 43,047 

Enclosure:    Levy et al.  Science 297:243-246 
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drolysis, permitting the measurement of 
VLDL production (20). VLDL production 
was increased 140% in ob/ob mice relative to 
lean controls (Fig. 4C, P < 0.05). Compared 
with ob/ob controls, VLDL production was 
reduced 72% in abJ/abJ; ob/ob mice (8.2 
mg/dl per min versus 2.3 mg/dl per min, P < 
0.02) (Fig. 4C). 

These data show that SCD-1 is required 
for the fully developed obese phenotype of 
ob/ob mice and suggest that a significant 
proportion of leptin's metabolic effects may 
result from inhibition of this enzyme. The 
basis for the metabolic effects of SCD-l de- 
ficiency is not known. One possibility is that 
reduced activity of SCD-1 may decrease 
adiposity by decreasing cellular levels of ma- 
lonyl Co A, thereby reducing fatty acid bio- 
synthesis and de-repressing fatty acid oxida- 
tion. In the absence of SCD-1, a reduced rate 
of triglyceride and VLDL synthesis increases 
the intracellular pool of saturated fatty acyl 
CoAs leading to an increase in fatty acid 
oxidation. Monounsaturated fats are neces- 
sary for normal rates of triglyceride and cho- 
lesteryl ester synthesis, which are required for 
hepatic lipid storage and VLDL synthesis 
(19). Saturated fatty acyl Co As, but not 
monounsaturated fatty acyl CoAs, potently 
allosterically inhibit acetyl-CoA carboxylase 
(ACC), reducing cellular levels of malonyl 
CoA (21, 22). Malonyl CoA is required for 
fatty acid biosynthesis and also inhibits the 
mitochondrial carnityl palmityl transferase 
shuttle system, the rate-limiting step in the 
import and oxidation of fatty acids in mito- 
chondria (23). This putative mechanism is 
similar to that described in mice lacking 
acetyl-CoA carboxylase 2, which also have 
increased fatty acid oxidation in skeletal mus- 
cle and a lean phenotype (24). The mecha- 
nism by which leptin increases fatty acid 
oxidation in liver may be similar to that in 
skeletal muscle in that both may operate by 
reducing ACC activity. However, in skeletal 
muscle, leptin—acting directly and indirectly 
via the CNS—inhibits ACC via a2 AMP- 
kinase, which phosphorylates and inhibits 
ACC (25). 

Alternative mechanisms could also ac- 
count for the metabolic effects of SCD-1 
deficiency. Changes in SCD-1 activity could 
alter the levels of ligands for peroxisome 
proliferator-activated receptors PPARa and 
PPAR7, or other nuclear hormone receptors. 
Changes in the ratio of saturated to unsatur- 
ated fatty acids in phospholipids can also 
alter membrane fluidity, which could affect 
signal transduction. The observed increase in 
energy expenditure associated with SCD-1 
deficiency also suggests that uncoupling ac- 
tivity and/or futile cycles are induced. 

The effects of leptin on SCD-1 in liver 
are likely to require central action, as mice 
lacking the leptin receptor in brain have 
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enlarged, fatty livers, whereas livers of 
mice with a liver-specific knockout of the 
leptin receptor appear normal (26). Leptin 
also reduces hepatic SCD-1 activity when 
administered intracerebroventricularly 
(27). The CNS signals that modulate liver 
metabolism in response to leptin are un- 
known. SCD-1 deficiency also appears to 
modulate CNS pathways that regulate food 
intake, perhaps secondary to the increased 
oxygen consumption. 

Leptin may also modulate the production 
of monounsaturated fatty acids in tissues oth- 
er than liver. Down-regulation of SCD en- 
zyme activity by leptin in other tissues, in- 
cluding brain, could contribute to some of the 
observed metabolic effects. Although SCD-1 
is the only isoform normally expressed in 
liver, both SCD-1 and SCD-2, a similar en- 
zyme, are expressed in most other tissues. 
Both enzymes catalyze the same reaction, but 
their cellular distribution and substrate pref- 
erences may be different. 

fn summary, a deficiency of SCD-1 ame- 
liorates the obesity of ob/ob mice and com- 
pletely corrects the hypometabolic phenotype 
of leptin deficiency. These findings suggest 
that leptin-specific down-regulation of 
SCD-1 is an important component of the 
novel metabolic response to leptin and sug- 
gests that inhibition of SCD-1 could be of 
benefit for the treatment of obesity, hepatic 
steatosis, and other metabolic disorders. 
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Multiple Roles of Arabidopsis 

VRN1 in Vernalization and 

Flowering Time Control 

Yaron Y. Levy,* Stephane Mesnage,*| Joshua S. Mylne, 
Anthony R. Gendall,+ Caroline Dean§ 

Arabidopsis VRN genes mediate vernalization, the process by which a long 
period of cold induces a mitotically stable state that leads to accelerated 
flowering during later development. VRN1 encodes a protein that binds DNA 
in vitro in a non-sequence-specific manner and functions in stable repres- 
sion of the major target of the vernalization pathway, the floral repressor 
FLC. Overexpression of VRN1 reveals a vernalization-independent function 
for VRN1, mediated predominantly through the floral pathway integrator 
FT, and demonstrates that VRN1 requires vernalization-specific factors to 
target FLC 

Many annual plants use seasonal variations ods of cold temperature (l to 3 months of 
in temperature and photoperiod to control about 4°C) accelerate flowering later in 
the transition to flowering (/). Long peri-    development in a process known as vernal- 
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ization. In Arabidopsis, the pathways that 
regulate vernalization requirement and re- 
sponse converge on FLC, a gene encoding a 
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Fig. 1. Phenotype of vrnl mutant plants and struc- 
ture of VRNI gene and encoded protein. (A) Plants 
{/ca-7, left; vrn7-7 /ca-7, right) were grown for 28 
days under long-day photoperiods at 20°C, with- 
out (-) or with (+) 6 weeks of vernalization. (B) 
Vernalization dose-response curves. Landsberg 
erecta (open triangles), /ca-7 (closed squares), 
vm7-7 /ca-7 (open squares), and vm7-2 /ca-7 
(open circles) were vernalized for 0, 1, 3, or 6 
weeks before transfer to growth in long days at 
20°C Flowering time was scored as total leaf 
number (mean ± SE) (for 20 plants) for each 
genotype/treatment (C) Structure of the VRNI 
gene (upper) and protein (lower). Exons are shown 
as black boxes and introns are shown as lines; the 
predicted translation start (ATG), stop (TGA), and 
polyadenylation [(A)n] sites are indicated; un- 
translated regions are boxed in white. Mutations 
in the vrr?7 alleles are indicated by arrowheads. 
Ellipses indicate B3-like domains; vertical hatch- 
es; PEST-like sequences; and horizontal hatches, 
nuclear localization signals. See fig. S3 and Gen- 
Bank accession numbers AF289051 and 
AF289052 for details of the VRNI gene and 
transcript. 

MADS-box repressor protein. In vernaliza- 
tion-responsive genotypes, reduction in the 
abundance of FLC mRNA, protein, and 
time to flower is closely correlated with the 
duration of cold treatment (2, 3). The ac- 
tivity of genes in the autonomous floral 
promotion pathway (FCA, FY, FVE, FPA, 
and LD) also reduces FLC RNA levels (3, 
4). Mutations in these genes confer re- 
mediated late flowering, which is reversed 
by vernalization to early flowering. Recent 
work suggests that the activity of the au- 
tonomous, photoperiod, and vernalization 
pathways is integrated by common down- 
stream targets, including AGL20 and FT, 

VRNI .yyfiVRNI 

iiiltf»« Mil - 

B D 
JL4 7_ 1^1813 32 days        . + 

F     0       3       6     14     20 DAG 
-  +  -  +  -+  - +  -  + Cold 

Fig. 2. Abundance of VRNI RNA and protein 
during development and in response to ver- 
nalization: northern analysis of VRNI RNA 
from /ca-7 tissues (A), /ca-7 seedlings of 
different ages (B), /ca-7 and vrnl mutants 
(C), and /ca-7 seedlings without (-) or with 
(+) 6 weeks of vernalization (D). Equal 
amounts of total RNA were loaded per lane 
as judged by ethidium bromide staining and 
reprobing the blot with 18S rDNA. (E) Immu- 
noblot analysis of VRN1 protein from 14- 
day-old seedlings of different genotypes. 
Twenty micrograms of total protein was 
loaded on a SDS-12% polyacrylamide gel and 
stained with Coomassie blue (left) or blotted 
and probed with a rat VRNI polyclonal anti- 
serum diluted 1:2000 (right). Arrowhead in- 
dicates VRNI protein. No truncated form of 
VRN1 was detected with the extracts pre- 
pared from vrnl-1 fca-1 or vrni-2 fca-1. (F) 
Immunoblot analysis of VRN1 protein from 
/ca-7 seedlings harvested 0, 3, 6, 14, or 20 
days after germination (DAG) without (-) or 
with (+) vernalization. 

and that FLC represses flowering by nega- 
tively regulating these genes (5, 6). 

The molecular basis of vernalization has 
been investigated through characterization of 
a set of genes (VRN genes) defined by muta- 
tions that reduce the vernalization response 
(7). We recently showed that one of these 
genes, VRN2, encodes a nuclear-localized 
zinc finger with similarity to the Drosophila 
Polycomb group protein SU(Z)12 as well as 
Arabidopsis proteins FIS2 and EMF2 (8). In 
vrn2 mutants, FLC expression is down-regu- 
lated normally in response to cold but, in- 
stead of remaining low, FLC RNA levels 
increase during later development at warm 
temperatures. VRN2 thus functions to stably 
maintain FLC repression. 

Another Arabidopsis mutant impaired in 
its response to vernalization is vrnl (7). Un- 
der our long-day growth conditions, plants 
with mutant vrnl alleles (vrnl-1 ethylmeth- 
ane sulfonate-induced, vrnl-2 7-ray induced) 
were not delayed in flowering but had a 
reduced vernalization response (Fig. 1, A and 
B). We conducted a detailed examination of 
FLC mRNA levels in vrnl-1 plants to deter- 
mine whether FLC repression was altered. In 
both fca-1 and vrnl-1 fca-1 plants, 6 weeks of 
cold temperature reduced FLC mRNA levels. 
In vrnl-1 fca-1, unlike fca-1, FLC levels 
increased again after transfer to normal 
growth temperatures (fig. SI). Therefore, 
VRNI, like VRN2, is required not for the 
initial down-regulation of FLC by cold but 
for stable maintenance of FLC repres- 
sion during later development in warm 
temperatures. 

We cloned the VRNI gene by a map-based 
approach (figs. S2 to S4). VRNI encodes a 
protein of 341 residues comprising two puta- 
tive B3 DNA binding domains, originally 
described in the maize transcription factor 
VIVIPAROUS 1 (VP1) (9); two predicted 
PEST regions involved in proteasome-depen- 
dent protein degradation (10); and a putative 
nuclear localization signal (Fig. 1C; figs. S4, 
S5). Analysis of a GFP-VRN1 chimeric pro- 
tein in onion epidermal cells showed that 
VRNI was nuclear localized (fig. S6). 

VRNI mRNA was detected at moderate 
levels in different tissues and developmen- 
tal stages (Fig. 2, A and B) and was unde- 
tectable in vrnl-1 fca-1 and vrnl-2 fca-1 
(Fig. ICY, as with VRN2 (8), VRNI RNA 
levels were unaffected by vernalization 
(Fig. 2D). Rat polyclonal antibodies were 
raised against the NH2-terminal 192 amino 
acids of VRNI produced in Escherichia 
coli. VRNI protein was detected at equiv- 
alent levels in wild-type and fca-1 plants, 
was not detected in vrnl-1 fca-1 and vrnl-2 
fca-1 seedlings (Fig. 2E), and was unaffect- 
ed by 6 weeks of cold (Fig. 2F). The role of 
two predicted PEST regions in the VRNI 
sequence thus remains unclear. The 53 res- 
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idues encompassing the two PEST regions 
have an overall acidic charge (pi = 3.8 
versus about 9.2 for the whole protein), so 
this region may play a role in transcription- 
al activation, as suggested for a similar 
region in ARF1, another B3-containing 
protein (//, 12). 

We fused VRNJ to the strong cauliflow- 
er mosaic virus 35S promoter (75, 14) and 
transformed it into vrnl-2 fca-l plants. The 
most striking phenotype caused by the 
35S::VRN1 transgene was early flowering 
without vernalization (Table 1, Fig. 3A). 
When 35S::VRNl plants were vernalized 
before growth, flowering was further accel- 
erated (Table 1). Under noninductive 
short-day conditions, the 3 5 S: : VRNl plants 
flowered later than under long photoperi- 
ods, and vernalization accelerated flower- 
ing (Table 1). This retention of photoperiod 
response in 35S::VRN1 plants suggests that 
VRNl is not functioning through the pho- 
toperiod pathway. The 35S.:VRN1 plants 
showed additional morphologic phenotypes 
compared with control plants, including 
reduced flower abscission, a less acute an- 
gle between the siliques and the inflores 
cence stem, shortened pedicles (Fig. 3B), 
more variable and flattened silique shape 
(Fig. 3C), and a looser flower structure 
with somewhat enlarged petals (Fig. 3D). 
These characteristics suggest that VRNl 
functions more broadly than vernalization. 
The role of VRNl in vernalization-indepen- 
dent flowering control is also revealed 
when loss-of-function mutants are grown in 
different conditions (4). In 16-hour high- 
light photoperiods [with a red/far-red (R/ 
FR) ratio of 2.3], vrnl mutants do not 
flower late (Fig. IB); however, in extended 
short-day (ESD) conditions {15), in which 
the long photoperiod is composed of 10 
hours of high light (R/FR ratio of 2.3) and 
6 hours of low-intensity incandescent light 
(R/FR ratio of 0.66), vrnl is late flowering 
(Table 1). 

To investigate the molecular basis of the 
acceleration of flowering by 35S::VRN1 and 
the vernalization-independent function of 
VRNl, we examined the expression of FLC, 
AGL20, and FT. The abundance of AGL20 
and FT RNA was increased in 3 5 S:: VRNJ 
plants compared with wild-type and empty 
vector control plants (Fig. 3, E and F). One 
possible cause of elevated expression of FT 
and AGL20 in 35S::VRN1 plants is an en- 
hancement of VRNl repression of FLC. How- 
ever, FLC RNA levels were unchanged in 
35S:\VRNJ plants compared with controls 
(Fig. 3, E and G). Therefore, the accelerated 
flowering of 35S::VRNJ lines under long- and 
short-day photoperiods without vernalization 
(Table 1) is through a pathway that does 
not regulate FLC RNA levels but does ac- 
tivate AGL20 and FT, targets of multiple 

floral pathways (Fig. 3J). Vernalization 
causes additional earliness in 35S::VRN1 
lines due to down-regulation of FLC RNA 
by vernalization (Fig. 3G). To investigate 
the consequences of ectopic fTand AGL20 
expression, we introduced ft-7 and socl (a 
loss-of-function AGL20 allele) mutations 
into the 35S::VRN1 line 6C introgressed 

into Landsberg erecta (Ler). In greenhouse 
conditions, socl ameliorated the phenotype 
of the 35S::VRN1 lines only slightly, 
whereas ft-7 35S::VRN1 lines flowered late 
(with between 19 and 23 leaves), similar to 
ft-7. Therefore, in these conditions, the ear- 
ly flowering of 35S::VRN1 is mainly due to 
ectopic expression of FT, Consistent with 
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TUB 
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F empty VRN1 
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Fig. 3. Phenotypes of transgenic plants overexpressing VRN1. (A) Plants (21 days old) grown 
in ESD without vernalization. Left to right: wild-type, vrnl-2 /ca-7 empty vector, two 
35S::VRN1 vrnl-2 fca-1 lines, 13A and 12B (all Landsberg erecta background). (B) Compared 
with wild-type (left), 35S::VRN1 (right) inflorescences showed a less acute angle between the 
siliques and the pedicles and a defect in floral organ abscission. (C) Silique morphology of 
35S::VRN1 lines (right) was variable compared with wild type (left). (D) Flowers of overex- 
pressing lines (lower) were larger than those from the parental line {vrn1-2 fca-1) (upper) and 
had a looser structure. (E) Northern blot analysis of FLC and AGL20 expression. Seedlings were 
grown without vernalization and harvested after 7 days. Total RNA samples were hybridized 
with gene-specific probes as described in (5, 8). ^-Tubulin (TUB) mRNA served as a loading 
control. (F) Effect of 35S::VRN1 transgene on FT expression was investigated by reverse 
transcriptase PCR (RT-PCR), as described in (20, 21), on RNA prepared from 7-day-old 
nonvernalized seedlings. Duplicate samples were reverse transcribed [without (-) or with (+) 
enzyme] and hybridized with TUB- or FT-specific probes. (G) Northern blot analysis of FLC and 
TUB expression in line 35S::VRN1 6C with and without vernalization. (H) RT-PCR analysis of FT 
and TUB expression in loss-of-function vrnl-2 seedlings grown for 3 weeks in ESD and 
harvested 2 and 19 hours after dawn. (I) Northern blot analysis of FLC and TUB expression in 
loss-of-function vrn1-2 seedlings grown in ESD. (J) Model for multiple roles of VRNl in 
controlling the floral transition. In the vernalization response, VRN1 in association with 
cold-induced factors maintains repression of FLC. VRNl also acts in a pathway that does not 
affect FLC RNA levels but positively regulates ACL20 and FT. This is drawn as an independent 
pathway to the photoperiod pathway, as 35S::VRN1 plants flower later in short days and their 
flowering is further accelerated by vernalization. 
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VRN1 
(B3A) 

Table 1. Effects of mutations and transgenes on flowering time of plants under different conditions [ESD, 
extended short-day, and SD, short-day photoperiods; V, 5 weeks of vernalization (75)]. Flowering time is 
recorded as mean total leaf number at flowering ± SE. At least 10 plants were counted unless indicated. 
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Fig. 4. VRN1 protein binds to DNA in a non- 
sequence-specific manner in vitro. (A) BIA- 
CORE SPR sensorgrams (www.biacore.com) 
showing the binding of protein (equal 5-u.g 
amounts) to a double-stranded DNA (140 bp) 
fragment from p8R322 immobilized on a SA 
chip. Asterisks mark beginning and end of 
DNA injections. VRN1 protein and the first 
B3 domain alone (VRN1 B3A) bind strongly 
compared with horse heart cytochrome c 
(CYT C) (similar overall pi to VRN1) and 
bovine serum albumin (BSA). (B) Typical elec- 
trophoretic mobility shift from VRN1 binding 
to an FLC fragment. VRN1 protein (0 to 5 
jig), poly(dldC) (2 u,g), bovine serum albumin 
(6 u~g), and a 360-bp radiolabeled double- 
stranded FLC probe (10,000 cpm) were incu- 
bated at room temperature for 30 min in 100 
mM KCl, 10 mM Hepes-OH (pH 7.9), 1 mM 
EDTA, 10 mM MgCl2, 10% glycerol, 1 mM 
dithiothreitol and then separated on an 8% 
tris-borate EDTA-polyacrylamide gel. (C) DNA 
binding by VRN1 is salt dependent. Spiking 
10-u,mol injections of FLC DNA fragment 8 
with increasing amounts of NaCI reduced the 
ability of the DNA to bind VRN1. Because SPR 
is affected by the addition of salt, the amount 
of DNA bound to the chip after the injection 
(RU after injection) was plotted. 

Genotype ESD-V +/- ESD+V +/- SD-V +/- SD+V +/- 

Ler 8.7 0.2 9.1 0.1 47.3 0.5 30.6 0.6 
vrnl-2 11.7 0.4 13.7 0.3 40.5 1.0 42.3 0.9 
fca-1 35.6 0.5 10.9 0.2 68.0 1.8 31.8 0.7 

vrnl-2 fca-1 46.7 1.3 22.1 0.6 66.8 2.3 55.3 2.3 
3SS::VRN1 6C vrnl-2 fca-1 11.6 0.3 7.7 0.1 44.0 0.7 17.8 0.2 

35S::VRN1 12B vrnl-2 fca-1 11.3 0.2 8.8 0.2 42.6* 0,8 17.4 0.2 
35S::VRN1 13A vrnl-2 fca-1 20.4 0.7 10.4 0.2 54.0f 1.3 26.5 0.5 
*Nine plants.     fSix plants. 

this, vrnJ-2 plants in ESD conditions 
showed reduced FT but wild-type FLC ex- 
pression (Fig. 3, H and I). 

So far, we have found no interaction of 
VRN1 and VRN2 by using yeast two-hybrid 
assays, so whether they function as part of 
the same multisubunit complex remains an 
open question. With electrophoretic mobility 
shift assays and surface plasmon resonance 
(SPR), we have pursued whether VRN1 
could act in recruiting a protein complex to 
the FLC locus by investigating whether 
VRN1 specifically binds to FLC. Soluble E. 
coli expressed histidine-tagged and untagged 
whole VRNl protein bound to 27 FLC frag- 
ments in a salt- and concentration-dependent 
manner (Fig. 4, fig. S7). The FLC fragments 
used represented 95% of the FLC genomic 
region [beginning 1856 base pairs (bp) up- 
stream of the ATG codon and ending 695 bp 
downstream of the translation stop codon, 
containing all noncoding sequence and some 
of the exon sequences] (table SI, fig. S7). We 
observed the strong non-sequence-specific 
interaction for VRN1 with a wide range of 
unrelated DNA sequences from Arabidopsis 
VRN2, AGL20, and TUB and E. coli GyrB as 
well as pBR322 and the DNA polynucleotide 
poly(dldC). Such in vitro non-sequence-spe- 
cific DNA binding has been observed for 
Polycomb/trithorax group proteins {16) and 
high mobility group box (HMG-box) pro- 
teins, including the Arabidopsis FILAMEN- 
TOUS FLOWER protein, which is involved 
in meristem and organ identity {17), Howev- 
er, in vivo many proteins showing in vitro 
DNA binding activity are targeted to specific 
genomic regions {18). An important issue is 
to identify the range of VRN1 targets in 
vivo and to address whether VRN1 regu- 
lates FLC, FT, and AGL20 directly. FLC 
and FT appear to be regulated by changes 
in chromatin structure {8, 19), so the non- 
sequence-specific DNA binding of VRN1 
is consistent with it being a component of 
many multisubunit complexes involved in 
chromatin regulation. Another important is- 
sue to address is the nature of the vernal- 
ization-specific factors required to specify 
FLC as a target of VRNl. Cold-induced 
posttranslational modifications of VRNl 

and changes in cellular location may 
change VRNl activity. Alternatively, ver- 
nalization-induced accessory proteins may 
recruit VRNl into a complex, possibly in- 
cluding VRN2, that can target FLC. 
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